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$S=\{0,1\}$ $S^{3}$ $S$ $g$ $(S, g)$ (Elementary Cellular
Automata, ECA) . $2^{8}=256$ ECA $(S, g)$ , ECA $(S, g)$
$\mathrm{R}\mathrm{N}(S, g)$ .
$\mathrm{R}\mathrm{N}(S, g)=\sum_{a,b,c}g(a, b, c)2^{a2^{2}+b2+\mathrm{c}}$
.
ECA $(S, g)$ , $g:S^{\mathrm{Z}}arrow S^{\mathrm{Z}}$ .
$\forall x\in S^{\mathrm{Z}},$ $\forall i\in \mathrm{Z},$ $(g(x))_{i}=g(x_{i-1}, x_{i}, x_{i+1})$
$S^{\mathrm{Z}}$ configuration . $\mathrm{Z}$ , . (..., 0, 0, 1, 0, 0, .. )
single seed configuration .
ECA $(S, g)$ $g$ local rule, $g$ $g:S^{\mathrm{Z}}arrow S^{\mathrm{Z}}$ global rule , $g$ bold face
$g$ . $g$ , $S^{\mathrm{Z}}$ dynamics .
$x\in S^{\mathrm{Z}}$ , $g^{0}(x)\neg-x$ , $g^{t+1}(x)=g(g^{t}(x)),$ $t\geq 0$ .
$x\in S^{\mathrm{Z}}$ initial configuration , dynamics $g$ , {( $g^{t}(x)$ ), $t\geq 0$}
. , ECA $(S, g)$ $S^{\mathrm{Z}}$ dynamics $g$
$\{(t, g^{t}(x)), t\geq 0\},$ $x\in S^{\mathrm{Z}}$ .
ECA’s $(S, f)$ $(S, g)$ , .
$\forall a,$ $b,$ $c\in S$, $f(a, b,c)=g(a, b, c)$ .
, $f$ dynamics $g$ dynamics .
S.Wolfram(1983) , ,
. G.Braga, G.Cattaneo, P.Flocchni and C.Quaranta
Vogliotti(1995) , , 0-quiescent local rule (
) T $C_{1},$ $C_{2},$ $C_{3}$ . ,
.
$C_{1}$ : $\forall x\in \mathcal{F}$, $\lim_{tarrow\infty}l(g^{t}(x))=0$ ,
$C_{2}$ : $\forall x\in F$ , $\sup_{t\in \mathrm{N}}l(g^{t}(x))<\infty$ ,
$C_{3}$ : $\exists x\in F$, $\sup_{t\in \mathrm{N}}l(g^{t}(x))=\infty$ .
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$C_{3}$ local rule , Sierpinski class (
$g$ dynamics $g$ growth of time-space pattern [
$\mathrm{a}$
.
$S$ , $S^{\mathrm{Z}}$ . left shift
transformation $\sigma_{L}$ : $S^{\mathrm{Z}}arrow S^{\mathrm{Z}}$ right shift transformation $\sigma_{R}$ : $S^{\mathrm{Z}}arrow S^{\mathrm{Z}}$
; $x\in S^{\mathrm{Z}}$
$(\sigma_{L}(x))_{i}=x_{i+1}$ , $(\sigma_{R}(x))_{i}=x_{i-1}$ , $i\in \mathrm{Z}$ .
ECA $(S, g)$ , $g(0,0,0)=0$ 0–quiescent .
$\mathcal{F}=\{x\in S^{\mathrm{Z}}|\exists i\in \mathrm{Z}, \exists j\in \mathrm{Z}, i\leq j, x= (\ldots,0, 0, x_{i}, \ldots, x_{j},0,0, \ldots)\}$
, $\mathcal{F}$ 0-finite configuration . $($ ..., 0, 0, 0, $\ldots)\in \mathcal{F}$ . $g$ \prec
0-quiescent , $g(F)\subseteq F$ . $g$ , $F$ dynamics .
$\underline{i}$ $\underline{j}$
$x\in F$ $x=$ $(\ldots, 0, 0, 1, \ldots, 1,0,0\ldots)$ , $l(x)=j-i+1$ , $x$ length of
pattern .
, , $n$ local rule
global rule $g_{n}$ $g_{n}$ . , shift transformation $g_{n}$




, $g$ $S^{n+2}$ $S^{n}$
.
$\forall(y_{1}, \ldots,y_{n+2})\in S^{n+2}$ , $g(y_{1}, \ldots,y_{n+2})\equiv(g(y_{1},y_{2},y_{3}),g(y_{2},y_{3},y_{4}), \ldots,g(y_{n}, y_{n+1},y_{n+2}))\in S^{n}$.
$g(y_{1}, \ldots, y_{n+2})=(x_{1}, \ldots, x_{n})$ . $(y_{1}, \ldots, y_{n+2})$ $(x_{1}, \ldots, x_{n})$ predecessor $S^{\triangleleft}\backslash$ .
Notations (1) 1 block , 1 2 , $(1, 1)$ (1, 1, 1)
, $n$ 1 block , $n$ 1 , $1_{n}=(1,$$\cdot\cdot\sim$. $,$ $1$ . $n$
0 block , $0_{n}=(\sim^{0,\cdots,0}$ . 0 $($ ...,
$\mathrm{o}^{n},$
$\mathrm{o}),$ $(0,0, \ldots),$ $(\ldots, 0,0,0, \ldots)$
, $\backslash \mathrm{i}\mathrm{E}\mathrm{S}\mathrm{b}n$ . 1 .
(2) $a^{i}=(a_{1}^{i}, \ldots, a_{m_{\mathrm{i}}}^{i})\in S^{m_{i}},$ $i=1,$ $\ldots,n$
$(a^{1}, \cdots, a^{n})=(a_{1}^{1}, \ldots, a_{m_{1}}^{1}, \ldots, a_{1}^{n}, \ldots, a_{m_{n}}^{n})$ ,
$(0, a^{1})=$ ( $\ldots,0$ , 0, 0, aH, ..., ml1),
$(a^{1},0)=(a_{1}^{1}, \ldots, a_{m_{1}}^{1},0,0,0, \ldots)$ ,
$(0, a^{1},0)=(\ldots,0, 0, 0, a_{1}^{1}, \ldots, a_{m}^{1},0,0,0, \ldots)$
. 0 1 .
(3) $x=(\ldots, x_{-1}, x_{0}, x_{1}, \ldots)\in S^{\mathrm{Z}}$ , .
$x_{i,j}=(x_{i}, \ldots,x_{j}),$ $i\leq j$ , $x_{-\infty,i}=(\ldots,x_{i-1}, x_{i})$ , $x_{i,\infty}=(x_{i},x_{i+1}, \ldots)$ .
$a=(a_{1}, \ldots, a_{n})\in S^{n}$ $x=(\begin{array}{l}ix_{-\infty,i},a,x_{i+1,\infty}\end{array})\in S^{\mathrm{Z}}$ . $x_{i-n+1}=a_{1},$ $\ldots,$ $x_{i}=a_{n}$
. $i$ l , $a$ $x$ .
143
(4) $a=(a_{1}, \ldots, a_{n})\in S^{n}$ $x\in S^{\mathrm{Z}}$ (
$\exists i\in \mathrm{Z}$ , $x_{i}=a_{1},$ $\ldots,x_{i+n-1}=a_{n}$






local transition function ECA $C_{\epsilon}$ , $g_{26}$ $g_{82},$ $g_{154}$ $g_{210}$
ECA . rule sigle seed configuration
Sierpinski Gasket .
$\sigma_{L}$
$S^{\mathrm{Z}}$ shift transformation .
$\mathcal{W}_{\mathrm{e}v\mathrm{e}n}\equiv\{x|x_{2m}=0, m\in \mathrm{Z}\}$ ,
$\mathcal{W}_{odd}\equiv\{x|x_{2m+1}=0, m\in \mathrm{Z}\}$
. $(\mathcal{W}_{\mathrm{e}v\mathrm{e}n}\backslash \{0\})\cap(\mathcal{W}_{odd}\backslash \{0\})=\phi$ . , $\mathcal{W}=\mathcal{W}_{\mathrm{e}v\mathrm{e}n}\cap \mathcal{W}_{odd}$ .
Proposition 11 (1) $g\in C_{s}$ , $h_{L}=\sigma_{L}\mathrm{o}g$ . .
$\forall x\in \mathcal{W}_{\mathrm{e}v\mathrm{e}n}$ , $(h_{L}(x))_{i}=\{$
0, $i=2m$,
$x_{i}\oplus x_{i+2}$ , $i=2m+1$ ,
$\forall x\in \mathcal{W}_{odd}$ , $(h_{L}(x))_{i}=\{$
0, $i=2m+1$ ,
$x_{i}\oplus x_{i+2}$ , $i=2m$,
. ,
$\forall x\in \mathcal{W}_{\mathrm{e}v\mathrm{e}}$ , $h_{L}(x)\in \mathcal{W}_{\mathrm{e}v\mathrm{e}n}$ ,
$\forall x\in \mathcal{W}_{odd}$ , $h_{L}(x)\in \mathcal{W}_{odd}$ .
$\forall t\geq 0,$ $\forall x,y\in \mathcal{W}_{\mathrm{e}v\mathrm{e}n}$ , $h_{L}^{t}(x\oplus y)=h_{L}^{t}(x)\oplus h_{L}^{t}(y)$ ,
$\forall t\geq 0,$ $\forall x,$ $y\in \mathcal{W}_{odd}$ , $h_{L}^{t}(x\oplus y)=h_{L}^{t}(x)\oplus h_{L}^{t}(y)$.
(2) $g\in C_{\epsilon}$ , $h_{R}=\sigma_{R}\mathrm{o}g$ . .
$\forall x\in \mathcal{W}_{\mathrm{e}v\mathrm{e}n}$, $(h_{R}(x))_{i}=\{$ 0, $i=2m$,
$x_{i-2}\oplus x_{i}$ , $i=2m+1$ ,
\forall x\in \eta \sim d $(h_{R}(x))_{i}=\{$
0, $i=2m+1$ ,
$x_{i-2}\oplus x_{i}$ , $i=2m$,
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. ,
$\forall x\in \mathcal{W}_{\mathrm{e}ve}$ , $h_{R}(x)\in \mathcal{W}_{even}$ ,
\forall x\in \Delta \sim d $h_{R}$ (x)\in \Delta \sim d
$\forall t\geq 0,$ $\forall x,$ $y\in \mathcal{W}_{\mathrm{e}v\mathrm{e}n}$ , $h_{R}^{t}(x\oplus y)=h_{R}^{t}(x)\oplus h_{R}^{t}(y)$ ,
$\forall t\geq 0,$ $\forall x,y\in \mathcal{W}_{odd}$ , $h_{R}^{t}(x\oplus y)=h_{R}^{t}(x)\oplus h_{R}^{t}(y)$ .
Proof $x\in S^{\mathrm{Z}}$ $(h_{L}(x))_{i}=g(x_{i}, x_{\mathrm{i}+1}, x_{i+2})$ $g(0,0,1)=g(1,0,0)=1,$ $g(1,0,1)$
$g(0,1, \mathrm{O})=g(0,0,0)=0$ , Proposition










$A_{n}=(\begin{array}{l}A_{n-1}\sigma_{L}^{2^{n}}A_{n-1}\oplus A_{n-1}\end{array})$ , $n\geq 1$ ,
$h_{L}^{2^{n}-1}(x)$
$=(\ldots, 0, 0, 0,1,0-(2^{n+1}-2), 1, \mathrm{Q}, \ldots,\mathrm{Q}, 01,0, 0, 0, .. )$ ,
$\forall t\geq 0$ , $(h_{L}^{t}(x))_{0,arrow}=(1,0)$ .
$C_{\epsilon}$ single-seed configuration time-space pattern
.









$x^{2^{1}-1}=(\ldots,0, 0, 0,1,0-(2^{1+1}-1), 01, 0, 0, 0, ..)$
, $n=1$ .
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$x^{2^{n}-1}=$ $(\ldots,0, 0, 0,1, 0-(2^{n+1}-2), 1, 0, 1, \ldots, 0, 01, 0, 0, 0, .. )$ $(*)$
, $C_{s}$ [ local transition rule $g$
$g(0,1, \mathrm{O})=g(1,0,1)=0,$ $g(0,0,1)=g(1,0,0)=1$
,
$x^{2^{n}}=(\ldots, 0, 0, 0,1,0-2^{n+1}, 0, \ldots, 0, 0, 01, 0, 0, 0, ..)$
$=$
$(\ldots, 0, 0, 0,1,0-2^{n+1}, 0, 0, \ldots)\oplus(\ldots,0,0,0,1,0,0,0, \ldots)0$
$=(\sigma_{L}^{2^{n+1}}x^{0})\oplus x^{0}$ .
,
$\forall t\geq 0$ , $x^{2^{n}+t}=h_{L}^{t}(\sigma_{L}^{2^{n+1}}x^{0}\oplus x^{0})$
$=(\sigma_{L}^{2^{n+1}}h_{L}^{t}(x^{0}))\oplus h_{L}^{t}(x^{0})$
. h $\sigma_{L}$ , Proposition 1J $\oplus$ .
, $0\leq t\leq 2^{n}-1$ , $(*)$ ,
$(\begin{array}{l}x^{2^{n}}x^{2^{n}+1}\vdots x^{2^{n+1}-1}\end{array})=(\begin{array}{lll}\sigma_{L}^{2^{n+1}} x^{0}\oplus x^{0} \sigma_{L}^{2^{n+1}} x^{1}\oplus x^{1} \vdots \sigma_{L}^{2^{n+1}} x^{2^{n}} -1\oplus x^{2^{n}-1}\end{array})=(\sigma_{L}^{2^{n+1}}A_{n}\oplus A_{n})$ ,
$x^{2^{n+1}-1}=(\ldots,0, 0, 0,1, 0-(2^{n+1+1}-2), 1, 0, 1, \ldots, 0, 01, 0, 0, 0, \ldots)$
, .
$h_{R}=\sigma_{R}\circ g(g\in C_{s})$ Proposition 12 .
$C_{s}$ $\mathcal{W}$ dynamics , 90 .
dynamics , . , $\mathrm{f}\backslash \mathcal{W}$ $S^{\mathrm{Z}}\backslash \mathcal{W}$ configuration
, .





18 146 local transition function .
$\mathcal{U}$ : 3 1 configurations ,
.
18 , (1, 1, 1) predecessor . , , Proposition
.
Proposition 21( 18)
$h_{L18}(S^{\mathrm{Z}})\subset \mathcal{U}$ , $h_{L18}(\mathcal{U})\subset \mathcal{U}$ .
Proposition , $x\in S^{\mathrm{Z}}$ , $h_{L18}(x)$ , 3 1
, 1 , $\mathrm{a}$ , 2 $\backslash \backslash /$ .






$\forall t\geq t$ , $(h_{L146}^{t}(x))_{i-1,i+2}\neq(0,1,1,1)$
.
Proof (1)
$g_{146}(y_{1},y_{2},y_{3}, \ldots,y_{n+2}, y_{n+3},y_{n+4})=(0,1, \ldots, 1,0)\check{n}$
.
$g$ ( $y_{1},$ $y_{2}$ ,y3)=0
$g(y_{2}, y_{3},y_{4})=1,$ $\ldots$ , $g$ ($y_{n+1},y_{n+2}$ , yn+3)=1
$g(y_{n+2},y_{n+3},y_{n+4})=0$
. $g(1,1, \mathrm{O})=g(0,1,1)=g(0,1,0)=0$ $n\geq 3$ $(y_{2}, y_{3}, \ldots, y_{n+2}, y_{n+3})$
0 . $g(1,1,1)=1,$ $g(0,1,1)=g(1,1,0)=0$ $y_{1}=y_{n+4}=0$
.
(2)
$h_{L146}^{t}.(x)=(\ldots, i-1i0,1, 1,1,\ldots, 1\check{n\geq 3}, 0, ..)$
, Lemma 22
$0\leq\forall m\leq t$ ,
$h_{L146}^{m}(x)=(\ldots,0,1,1,1,\ldots,1,0, \ldots)i-1i\tilde{n+(t-m\rangle\cdot 2}$
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, $x_{i}=1$ $[]$} , $x_{i}=0$ .
Lemma 22 Proposition 23 , .
Proposition 23( 146) (1) $h_{L146}(\mathcal{U})\subset \mathcal{U}$.
(2) $\forall x\in \mathcal{F},$ $\exists t\geq 0$ , $h_{L146}^{t}(x)\in \mathcal{U}$ .
(3) $x\in S^{\mathrm{Z}}$ ,
$\sup\{n|1_{n}\in x\}<\infty\Rightarrow\exists t\geq 0,$ $h_{L146}^{t}(x)\in \mathcal{U}$ .
(4) $x\in S^{\mathrm{Z}}$ ,
$\sup\{n|1_{n}\in oe\}=\infty\Rightarrow\{\begin{array}{l}\forall t\geq 0,h_{L146}^{t}(x)\not\in \mathcal{U}\lim_{tarrow\infty}d(h_{L146}^{t}(x),\mathcal{U})=0\end{array}$
Proof (4) $\langle$ . Lemma 22 (1) (2) ,
$x_{i,j}=(0_{k}, 1_{l}, 0_{m})$ , $k\geq 1,$ $l\geq 1,$ $m\geq 1,$ $i-j+1=k+l+m$
configuration $x$
$\exists T,\forall t\geq T$, $1_{3}\not\in(h_{L146}^{t}(x)_{i,j})$
. $(h_{L146}^{t}(x))_{i,j}$ , 3 1 . , configuration
3 1 , . 3 1
.
$\mathcal{U}$ configuration 1 , 2 $\mathrm{a}$ , . , local
transition function , (1, 1, 1) . , $\mathcal{U}$ ,
146 18 .
Proposition 24( 18 146)
$\forall x\in \mathcal{U},$ $\forall t\geq 0$ , $h_{L18}^{t}(x)=h_{L146}^{t}(x)$ .
$\mathcal{W}\subset \mathcal{U}$ , $h_{L18}(\mathcal{W})\subset \mathcal{W},$ $h_{L146}(\mathcal{W})\subset \mathcal{W}$ , , $x\in \mathcal{U}\backslash \mathcal{W}$
$\mathcal{W}$ .
3. 154 210
154 210 local transition function , .
. , 154
.
$\ovalbox{\tt\small REJECT}(a, b, c)(1,1,1)(1,1,0)(1,0,1)(1,0,0)(0,1,1)(0,1,0)(0,0,1)(0,0,0)$
$g_{154}(a, b, c)$ 1 0 0 1 1 0 1 0
$g_{210}(a, b, c)$ 1 1 0 1 0 0 1 0
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$B=\{1_{n}|n\geq 0\}$ , $10$ empty ,
$\mathcal{W}_{f}=$ { $(1,$ $01j_{1}$” $0_{j_{2}},1,$ $\ldots$ , 1, $0_{j_{r}},$ $1$ ) $|j_{1},$ $\ldots$ ,j , $r\geq 1$ } $\cup\{(1)\}$
. 10 $0_{0}$ empty .
Proposition 31 $1_{n}\in B,$ $w\in \mathcal{W}_{f}$ , .
$\forall t\geq 0$ , $h_{R154}^{t}(0,1_{n},w,0)=(0,1_{n}, 0)\oplus h_{R154}^{t}(0,w, 0)iii$. $(**)$
$(0, w, 0)i\in \mathcal{W}$ , Proposition 22 ,
$\forall g\in C_{\mathit{8}},$ $\forall t\geq 0$ , $h_{R154}^{t}(0, w, 0)=h_{R}^{t}(0,w, 0)ii$
$h_{R}=\sigma_{R}\mathrm{o}g$ .
Proof $g_{154}(0,0,1)=g_{154}(0,1,1)=g_{154}(1,1,1)=1$ ,
$(h_{R154}(0,1_{n}, w, 0))_{arrow,i}i=(0,1_{n})$ .
, $g_{154}(0,0,1)=g_{154}(0,1,1)=g_{154}(1,1,1)=1,$ $g_{154}(1,1,0)=g_{154}(0,1,0)=0$
$(h_{R154}(0,1_{n}, w, 0))_{i+1,arrow}i=(h_{R154}(0_{n},w, 0))_{i+1,arrow}i$ .
Propositions 1J L2
$\exists w’\in \mathcal{W}_{f}$ , $h_{R154}(0, w, 0)=(0,w’,0)ii$
, $w’$ ,
$h_{R154}(0,1_{n},w, 0)=i(0,1_{n}, 0)i\oplus(0,w’, 0)=i(0,1_{n}, w’, 0)i$
. $t$ 1 $(**)$ .
$1_{n_{1}},1_{n_{2}}\in B,$ $w_{1},$ $w_{2}\in \mathcal{W}_{f}$ , $(0, 1_{n_{1}}, w_{1},0_{m}, 1_{n_{2}}, w_{2},0)ikl$ $h_{R154}$ .
$m$ , .
(1) $w_{1}=(1)$ $m$ 2 ,
(2) $w_{1}\neq(1)$ $m$ 0 ,
, 0 . $m$ ,
. $x\in S^{\mathrm{Z}}$ [ $(h_{R154}(x))_{i}=g_{154}(x_{i-2}, x_{i-1}, x_{i})$ [ .
$\forall t\geq 0$ , $(h_{R154}^{t}(0,1_{n_{1}}, w_{1},0_{m}, 1_{n_{2}}, w_{2},0))_{arrow,k}ikl=(h_{R154}^{t}(0,1_{n_{1}},w_{1},0))_{arrow,k}i$
$=((0,1_{n_{1}},0)i\oplus h_{R154}^{t}(0,w_{1},0))_{arrow,k}i$ by Proposition 3. 1
, $m$ , Proposition 32
$\forall t\geq 0$ , $(h_{R154}^{t}(0,1_{n_{1}},w_{1},0_{m}, 1_{n_{2}}, w_{2},0))_{p}ikl=\{$
0or 1, $p=k$ ,
0, $p=k-1$ .
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$T..h$ . $t\tau T$ . $g(0,0,1)=g(1,0,1)=g(0,1,1)=g(1,1,1)=1T^{-}h$ $p_{\backslash }\dot{\mathrm{b}}$.
$\forall t\geq 0$ , ( $h_{R154}^{t}$ (0, $\mathrm{i}_{n_{1}}^{j},$ $w_{1},0_{m}k$ , ln , $w_{2},0$)) $=(h_{R154}^{t}(^{kl}0, 1_{n_{2}}, w_{2},0))_{k+1,arrow}$ .
Proposition 3.1
$\forall t\geq 0$ , $h_{R154}^{t}(0,1_{n_{1}},w_{1},0_{m}, 1_{n_{2}}, w_{2},0)=ikl(((0, \mathrm{i}_{n_{1}},0)i\oplus h_{R154}^{t}(\mathrm{o}^{i}, w_{1},0))arrow,k$,
$((0, 1_{n_{2}},0)\oplus h_{R154}^{t}(0, w_{2},0))_{k+1,arrow)}kll$
. , .
Theorem 33 $1_{n_{i}}\in \mathcal{B},$ $w_{i}$. $\in \mathcal{W}_{f},$ $i\in \mathrm{Z}$ . $w_{i}$ $m_{i}$ , (1) (2)
.
(1) $x=(\ldots,1_{n-1}, w_{-1},\overline{0}_{m-1},1_{n_{0}}^{0}, w_{0},0_{m_{\mathrm{O}}}^{\mathrm{o}},1_{n_{1}}^{1}, w_{1},0_{m_{1}}^{1}, \ldots)i_{-1}k_{1ikik}$ ,
$\forall t\geq 0$ , $h_{R154}^{t}(x)=\{$..., $((^{ki_{-1}i_{-1}}\mathrm{o}^{2},1_{n_{-1}},0)\oplus h_{R154}^{t}(0, w_{-1},0))_{k_{-2}+1,k_{-1}}$ ,
$((0,1_{n_{0}}^{0},0)\oplus h_{R154}^{t}(0^{0}, w_{0},0))_{k_{-1}+1,k_{0}}k_{-1ii}$ ,
$((0^{0},1_{n_{1}}^{1},0)\oplus h_{R154}^{t}(0^{1}, w_{1},0))_{k_{0}+1,k_{1}}kii,$ $\ldots)$ .
(2) $x=(^{k_{-1}ikik}0,1_{n_{0}}^{0}, w0,0_{m_{0}}^{0},1_{n_{1}}^{1}, w_{1},0_{m_{1}}^{1}, \ldots)$ ,
$\forall t\geq 0$ , $h_{R154}^{t}(x)=(0,$ $((0^{1i},1_{n_{0}}^{\mathrm{o}},0)\oplus h_{R154}^{t}(^{i}0^{0},w_{0},0))_{k_{-1}+1,k_{0}}k_{-}$ ,
$((^{ki}0^{0},1_{n_{1}}^{1},0)\oplus h_{R154}^{t}(^{i}0^{1}, w_{1},0))_{k_{0}+1,k_{1}},$ $\ldots)$ .
(3) $x=(\ldots, i_{-1}k_{-1}i1_{n_{-1}}, w_{-1},0_{m-1},1_{n_{0}}^{0}, w\mathit{0},0)$ ,
$\forall t\geq 0$ , $h_{R154}^{t}(x)=(\cdots,$ $((0,1_{n_{-1}}^{1},0)\oplus h_{R154}^{t}(^{i_{-}}0^{1}, w_{-1},0))_{k_{-2}+1,k_{-1}}k_{-2}i_{-}$ ,
$((0^{1i},1_{n_{0}}^{\mathrm{o}},0)\oplus h_{R154}^{t}(^{i}0^{\mathrm{o}}, w_{0},0))_{k_{-1}+1,arrow)}k_{-}$ .
(4) $x=(^{k}0,1_{n_{0}}^{0}, w\mathit{0},0_{m_{0}}^{\mathrm{o}},1_{n_{1}}^{1}, w_{1},0_{m_{1}}^{1}, \ldots,1_{n_{\mathrm{p}}}^{p}, w_{p}, 0)-1ikiki$ ,
$\forall t\geq 0$ , $h_{R154}^{t}(x)=(((^{ki}\overline{0}^{1},1_{n_{0}}^{0},0)\oplus h_{R154}^{t}(^{i}0^{0}, w_{0},0))_{arrow,k_{0}}$ ,
$((^{ki}0^{0},1_{n_{1}}^{1},0)\oplus h_{R154}^{t}(^{i}0^{1}, w_{1},0))_{k_{0}+1,k_{1}},$
$\ldots$ ,
$((^{k_{p}}\mathrm{o}^{-1},1_{n_{p}}, 0)\oplus h_{R154}^{t}(0, w_{p}, 0))_{k_{p-1}+1,arrow}i_{p}i_{\mathrm{p}},$$\ldots)$
150
Theorem 33 , 154 , $w\in \mathcal{W}$
configuration ,
. , $\mathcal{W}$ 154 dynamics 154
, $C_{\acute{s}}$ , 154
90 .
References
[1] G.Braga, G.Cattaneo, P.Flocchini and C.Quaranta Vogliotti, Pattern growth in elementary cellular
automata, Theoretical Computer Science, 145(1995), 1-26.
[2] G. Cattaneo and L. Margara, Generalized sub-shifts in elementary cellular automata: the “strange
case” of chaotic rule 180, Theoretical Computer Science, 201(1998), 171-187.
[3] M.Gardner, Mathematical Games -The fantastic combinations of John Conway’s new solitaire
game ”life”, Scietific American, 223(1970), 120-123.
[4] A. Ilachinski, Cellular Automata-ADiscrete Universe, World Scientific, (2001).
[5] C. G. Langton, STUDYING ARTIFICIAL LIFE WITH CELLULAR AUTOMATA, Physica
$22\mathrm{D}(1986)$ , 120-149.
[6] C. G. Langton, Life at the Edge of Chaos, ARTIFICIAL LIFE $\mathrm{I}\mathrm{I},$ PROCEEDINGS OF THE
WORKSHOP ON ARTFICIAL LIFE HELD FEBRUARY, 1990 IN SANTAFE, NEW MEXICO,
edited by Christopher G.Langton, Charles Taylor, J.Doyne Farmer and Steen Rasmussen, Addison-
Wesley Publishing Company, 41-91.
[7] J. von Neumann, Theory of Self-Reproducing Automata, U.niversity of Illinois Press, Urbana and
Chicago, (1966).
[8] F. Ohi and Y. Takamatsu, Time-Space Pattern and Periodic Property of Elementary Cellular
Automata-Sierpinski Gasket and Partially Sierpinski Gasket-, Journal of Industrial and Applied
Mathematics, 18(2001), 59-73.
[9] F. Ohi and K. Mabuchi, Time-Space Pattern and Dynamics Determined by Elementary Cellular
Automata, unde submission.
[10] S. Wolfram, Statistical mechanics of cellular automata, Review of Modern Physics, 55(1983),
601-644.
[11] S. Wolfram, UNIVERSALITY AND COMPLEXITY IN CELLTJLAR AUTOMATA, Physica
$10\mathrm{D}(1984),1- 35$ .
[12] S. Wolfram, ANEW KINDS OF SCIENCE, Wolfram Media, Inc., (2002).
151
